There is growing evidence for consistent among-individual variation in individual sociability (e.g., tendency to be sociable) in a number of species. However, sexes often differ in their social behaviors, as well as the selection pressures which they experience. This may translate into differences in repeatability of sociability, although this has not yet been tested. Here, we investigated whether eastern water dragons (Intellegama leseurii) exhibited evidence of consistent among-individual variation (i.e., repeatability) in 4 different measurements of sociability. Specifically, we measured sociability in 4 ways (degree, centrality, proportion of time spent being social, and number of preferences), and tested whether there was evidence for sex differences in the repeatability of these sociability measurements, or whether observed levels of repeatability could be explained by a stable social environment. Our findings provide new evidence for sex differences in social personality: we found that males were significantly repeatable in 3 of 4 sociability measurements (degree, centrality, and proportion of time spent being social), whereas females were not. Further, we found that these differences were not a result of differences in the dynamics of the social environment. We discuss our findings in the context of sexual selection, as well as sex differences in the evolutionary drivers of social behavior.
INTRODUCTION
Individuals of the same population often differ in how they behave (Dingemanse et al. 2002; Dall et al. 2004; Van Oers et al. 2004; Bell et al. 2009; Dall et al. 2012) . Indeed, consistent among-individual variation (i.e., repeatability) has been found across numerous behaviors (see Bell et al. 2009; Wolf and Weissing 2012) , including individual sociability (i.e., tendency to be sociable) (Bergmüller and Taborsky 2007; Chervet et al. 2011; Cote et al. 2011; Riebli et al. 2011; Cote et al. 2012; Riebli et al. 2012) . For example, in great tits, Parus major (Aplin et al. 2015) ), forked fungus beetles, Bolitotherus cornutus (Formica et al. 2016) ), and small-spotted catsharks, Scyliorhinus canicula (Jacoby et al. 2014) ), individual position within a social network has been found to be repeatable. However, whilst repeatability of sociability has been found in some taxa, it remains one of the least studied personality traits. Moreover, although sex differences in the repeatability of other behavior has been explored (see Schuett et al. 2010 for review), whether sexes differ in the repeatability of sociability remains unknown.
Social behaviors often differ between the sexes (Van Schaik 1996; Sterck et al. 1997; Wolf and Weissing 2010) . For instance, males of many primate species (e.g., Furuichi and Ihobe 1994; Watts 1998) as well as dolphins ) form alliances, whereas females form more fluid social bonds ). These sex differences in social behavior are often caused by sex differences in the selective pressures which influence social behavior. For instance, males primarily compete for access to females, whereas females compete for access to other resources (e.g., Van Schaik 1996; Sterck et al. 1997) . These sex-differences in the drivers of social behavior may translate to differences in the repeatability of sociability. This is because the different selective pressures experienced by the sexes may alter whether repeatability of sociability is selected for (Dingemanse and Wolf 2010; Wolf and Weissing 2010) . Indeed, sex differences in the repeatability of some behaviors have been shown, including, for instance, parental care and aggressiveness (Holder et al. 1991; Nakagawa et al. 2007; Schuett et al. 2010 ).
Repeatability of sociability may be caused by a number of factors. For instance, the social niche specialization hypothesis predicts that repeatability of behavior may be caused by repeatability in the social environment that individuals experience (and/or repeated social interactions) (Bergmüller and Taborsky 2010; Favati et al. 2014; Laskowski and Bell 2014; Laskowski and Pruitt 2014; Ward and Webster 2016) . For example, repeatability of boldness in a social spider, Stegodyphus mimosarum, was found to be greater when individuals remained within stable social groups of familiar individuals than when individuals were moved to new social groups (Laskowski and Pruitt 2014) . Alternatively, it may be that repeatability of behavior reflects variation in individuals' behavioral type (e.g., personality). This has been shown, for example, in both threespined sticklebacks, Gasterosteus aculeatus (Laskowski and Bell 2014) and western mosquitofish, Gambusia affinis (Cote et al. 2012) . Here, individual variation in sociability persisted despite individuals being exposed to variation in the social environment. Consequentially, when investigating repeatability of sociability, it is prudent to explore whether repeatability of individual sociability is caused by stability in either individuals social environment (defined as conspecifics present within an individual's home range), or stability of social associations.
We investigated whether eastern water dragons, Intellagama leseurii, exhibited evidence of consistent among-individual variation (i.e., repeatability) in sociability across both time and social context. In particular, we tested whether there were sex differences in the repeatability of sociability while accounting for the possibility that observed repeatability may be caused by stability in the social environment. Eastern water dragons are a gregarious reptile with fission-fusion-like social dynamics . Females are polyandrous (Frère et al. 2015) and males display alternative mating tactics, plastically switching between territoriality and satellite mating behavior (Baird et al. 2012) . This indicates that sexual selection likely acts on male social behaviors more stringently than on females. As such, we would expect to observe sex differences in the repeatability of sociability. We measured individuals sociability in 4 ways (degree, centrality, proportion of time spent in social proximity, and the number of preferential associations per individual), and evaluated the independence of these different measurements from each other before testing for evidence of repeatability.
METHODS

Study species and data collection
We used data collected as part of an ongoing behavioral study (2010 to present) of a population of dragons at Roma St Parkland, Brisbane, Australia. The population has an estimated size of 336 (estimated using Jolly-Seber mark-recapture methods in SOCPROG 2.6 [Whitehead 2009]) . Behavioral surveys were conducted along a set transect of the Parkland, which covered approximately 85% of the population. Surveys were carried out twice a day (AM and PM) between the hours of 0730 and 1030, and 1300 and 1600, on average 3 days a week for the duration of the field season (September to April). The field season covers the time of year in which the dragons are most active (i.e., not hibernating). For each individual sighted, we collected the following information: head profile photograph (using Canon EOS 600 digital camera), GPS coordinates (using GARMIN eTrex10 handheld device), sex, and observations of aggressive behavior typical of agamid lizards (e.g., head bob, tail slap, arm wave, push-ups). Sex was assigned based on sexual dichromatism and dimorphism present in the species: males are considerably larger than females, and have red coloration on their chest (Thompson 1993) . Profile photographs were used to identify individuals using the I 3 S Manta software package (Van Tienhoven et al. 2007 ) using unique scale patterns and coloration . Here, we used data collected across 4 years (September 2012 to April 2016). These years were included in analyses because during these years, enough data were collected to obtain estimates of the population's sociability. This allowed us to investigate long-term (i.e., between-year) repeatability of sociability. We used each field season (hereafter year) as one repeat, resulting in repeated measures of individuals' sociability across 4 years.
Measures of sociability
Social associations were estimated per year. To quantify social associations, a 1.85m distance proxy was used ) to quantify associations from each survey's spatial data. This distance was used for 3 reasons. First, this distance was previously identified to measure social structure in the population, and represents the upper first percentile of all pairwise geographic proximities in the population . Second, affiliative interactions require time within close proximity of one another, and spatial proximities are used in many disparate taxa as a proxy for social associations (Hubalek 1982; Farine 2015; Leu et al. 2016) . Third, observations indicate that individual dragons react aggressively to one another within this distance, and so if individuals remain within this proximity, they can be understood to be tolerating each other.
Analyzing social data under natural conditions comes with analytical challenges. As the expression of individual social behavior is inherently linked to the behavior of others (Moore III et al. 1997; Wolf III et al. 1999) , the nonindependent nature of social data must be accounted for when studying repeatability of sociability. To date, measuring sociability has mostly relied on the use of symmetrical pairwise association matrices (e.g., half-weight index [Cairns and Schwager 1987] ) to measure the strength of social ties between pairs. However, in order to account for some of the nonindependence of social data, here we estimated the strength of pairwise associations using a modified version of the half-weight index (HWI [Cairns and Schwager 1987] ), a commonly used association index for studying animal social behavior, which incorporates the reciprocity of individuals associations. This modified index (asymmetric social index [ASI] ) is calculated using the following formula:
where N ab is the number of times individuals a and b were seen associated, and N a is the number of times individual a was seen in total. We repeated all analyses using the more traditional HWI for comparison and provide discussion of this in the results section. HWI is calculated using the following formula:
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where Yab is the number of times they were seen in the same sampling period but not associated, and N a and N b are the number of times each individual was seen.
For each year, we measured individuals' sociability in 4 ways: degree, centrality, social tendency, and choosiness. These are the most commonly used measures when assessing the repeatability of sociability. Degree was calculated as the number of associates each individual has (ASI > 0). Centrality, here measured as eigenvector centrality (Croft et al. 2008) , is a measure of how central an individual is in its social network. Social networks were generated per year, including all individuals in the population, and were weighted using pairwise ASI. Network centrality was then estimated using the igraph package in R (Csardi and Nepusz 2006) . Social tendency was calculated as the proportion of time an individual spent within social proximity of other individuals (1.85m). Finally, choosiness was measured as the number of preferred associates an individual had, standardized for the number of potential associates (i.e., number of individuals with home range overlap >0). Preferred associates were identified using a spatially explicit null model to predict random associations which occur as a result of habitat usage alone (further details in Statistical analysis section) ). This null model randomized individuals according to their space use. In doing so, random associations were generated, from which a random distribution of pairwise ASI was produced. We identified preferences as pairs of individuals which associated more than expected randomly (i.e., preference = ASI > 95% random ASI, avoidance = ASI < 95% random ASI).
Once individual sociability is measured, it is important to evaluate how independent they may be from each other (Carter et al. 2013) . For instance, centrality, degree, and strength may be highly correlated and as such represent one single sociability trait rather than 3 independent ones (Valente et al. 2008) . We assessed the independence of sociability measures in 2 ways. First, we calculated spearman rank correlations for all combinations of measures. Second, we used principal component analysis (PCA) with varimax rotation (Carter et al. 2013) . This was done with log transformed data to correct for skewed distribution present in 2 variables (choosiness and centrality). Principal component analysis (PCA) was chosen over other multivariate or cluster analyses for 2 reasons. First, within the field of behavioral syndromes and personality, PCA has been identified as the most appropriate technique with which to assess the covariance of behavioral measurements, thus is the most frequently used method to assess the structure of how behavioral measures correlate (Carter et al. 2013) . Second, our data does not easily allow for the use of alternative analytical options. Alternative methodologies have been suggested to explore the structure of behavioral syndromes in animals (e.g., covariance between behavioral measurements (Sih et al. 2004) ). In addition, structural equation modeling has been offered as a robust confirmatory factor analysis for the study of behavioral syndromes ; Araya-Ajoy and Dingemanse 2014). However, they usually require large sample sizes (Bentler and Yuan 1999; Barrett 2007) which, unfortunately, takes this technique beyond the current statistical power of our data. Thus, we selected the use of PCA as an exploratory analysis to investigate the covariance structure of sociability measures.
PCAs included all phenotypes measured across all years. However, because this included multiple measures of each individual, the assumption of nonindependence of data points was violated. Therefore, we conducted further PCAs for each year separately. Results of PCAs within each year were qualitatively similar to combined years (e.g., phenotypes load in the same way, see Supplementary Table S5) , so we present results for all years inclusively. All linearity assumptions implicit in PCA were assessed prior to conducting analyses, and were met by all combinations of measurements used here. Finally, we conducted these analyses on the sexes separately to assess whether the correlation structure of behavioral measurements differed between the sexes.
Statistical analysis
Repeatability
To assess between-year, among-individual variation of sociability, we calculated a repeatability estimate for each sociability measurement. We modelled degree with a Poisson distribution, choosiness and social tendency with a binomial distribution, and centrality with a Gaussian distribution. Repeatability is a measure of the total variation of a trait that is attributable to variance among individuals, and is usually estimated using the intra-class correlation coefficient (ICC) (Bell et al. 2009 ), calculated as:
where VAR IND is the variance explained by between-individual variance and VARε is the residual, within-individual variance.
To obtain these variances, we used linear mixed effects models (LMM), with identity included as a random effect. All linear models were fitted with a restricted-maximum likelihood approach in lme4 (Bates et al. 2014 ) within the R statistical environment (R Development Core Team 2010). Measures of sociability may further be influenced by population size, number of sightings, and sampling effort (Aplin et al. 2015) , and we accounted for these in multiple ways. First, data were collected in the same way and at the same time of year. Second, we only included individuals with at least 20 sightings in analyses. This was because at this number of sightings, estimates of individual sociability strongly correlated with estimates measured using minimum 30 sightings (degree r = 0.93; social tendency r = 0.98; centrality r =0.96; choosiness r = 0.92). The extent of correlation of sociability measurements between 20 and 30 sightings strongly indicates that our estimates were stable at 20 sightings. While subsetting the data in this way may result in a potential bias towards, for example, bolder individuals, it is more likely that those with fewer than 20 sightings were juveniles, which by nature do not occupy highly visible niches. As a result, we believe we can be confident that we have captured a representative example of the variation in sociability in the population. To further ensure that this sightings threshold produced reliable results, we repeated analyses including individuals with 30 sightings. The patterns of significance and nonsignificance were the same using 30 sightings in all but one instance (see Supplementary Table S3) . However, at 20 sightings the sample size is larger, and the difference in the results from the different thresholds was likely due to an increase in power associated with a bigger sample size. Finally, repeatability was adjusted to account for size of network (i.e., number of individuals per year), number of sightings per individual, year, and conspecific density, by including these as fixed terms within the linear model (Nakagawa and Schielzeth 2010) (see Supplementary Table S1 ). Conspecific density was included in order to further adjust repeatability estimates for any effect that the social environment may have. Density was calculated, per individual, as the number of conspecifics an individual shares home range overlap with relative to the size of its home range (e.g., number of individuals per m 2 ). Repeatability was estimated for males and females separately. More specifically, whilst the social behavior measurements were calculated for all sexes together, a separate LMM was conducted for both males and females. This was to investigate whether males and females differed in the extent of the repeatability of their sociability. Finally, the fit of the models was assessed by visually inspecting the distribution of residuals and fitted values of final models.
Recent studies have used null models which randomize properties of the data (e.g., randomizing nodes in a network) in order both to assess significance of repeatability estimated from nonindependent data, as well as to predict repeatability caused by, for example, consistency in spatiotemporal choices (Croft et al. 2011; Wilson et al. 2013; Aplin et al. 2015; Formica et al. 2016) . Similarly, we used 2 spatially constrained null models to address the inherent nonindependence of sociability, as well as predict repeatability caused by space use and spatial heterogeneity. The first null model (null 1) followed those implemented by Aplin et al. (2015) and Wilson et al. (2013) . This model randomized observed sociability measures across individuals in the population within each year (i.e., node randomizations) so that individuals assumed the phenotype of another individual in the population. This model was designed so that among-individual variation is maintained (e.g., distribution of observed phenotypes). In doing so, it predicts repeatability estimates when residual variation is high, allowing us to determine whether individuals are more consistent in their phenotype than expected randomly. These randomizations were restricted to randomize phenotypes between individuals that occur within the same spatial location (defined as home range overlap > 0). We repeated this randomization procedure 1000 times and calculated ICC for each phenotype after each randomization. Therefore, a random distribution of ICCs was generated, from which we estimated the significance of the observed repeatability of each sociability measure by calculating a P value as the proportion of times the random repeatability estimate was larger than the observed (Ruxton and Neuhäuser 2013) .
The second spatially constrained null model (null 2) randomized associations in space, whilst maintaining patterns of individuals' space use. This model was designed to remove 1) the social structure of the population and 2) both among and within-individual variance in sociability. Therefore, this null model produces the (null) expected repeatability caused only by the habitat use of individuals. This was done using the digiroo2 package in R version 3.2.1 (R Development Core Team 2010; Dwyer et al. 2013 ). This model randomized individuals' spatial positions within their home range according to their utilization distribution, and associations were then estimated using distance between the randomized spatial positions as an association proxy. The null model was optimized for each year separately, maintaining the number of sampling periods and average ASI of the population per year. Individuals were included in random sampling periods according to their probability of being sighted, thereby maintaining individual sample size . Each iteration of the model randomized associations for each year separately, and then random sociability measurements were calculated for individuals within each year.
Using these, a random ICC was calculated for each sociability measure and, in this way, a random distribution of ICCs was generated and P values were calculated in the same way as the first null model. Both null models used here maintain any variation in sociability caused by heterogeneity in the spatial distribution of the population. By doing this, we could identify whether observed repeatability was caused by habitat use.
Accounting for social environment effects
Repeatability of behavior may be caused by stability in the social environment (Bergmüller and Taborsky 2010; Favati et al. 2014; Laskowski and Bell 2014; Laskowski and Pruitt 2014; Ward and Webster 2016) . This may occur through the presence of stable social associations and/or stable aggregations. To examine whether patterns of repeatability of sociability can be explained by repeatability in the social environment that individuals experience, we conducted the following 2 analyses. First, we measured the stability of membership within an individual's social environment. This was calculated per individual, per year, as the proportion of conspecifics contained within an individual's home range that is shared over subsequent years. Home ranges (i.e., utilization distributions) were estimated using GPS relocations for each individual in adehabitatHR package (Calenge 2006) within the R statistical environment (R Development Core Team 2010) and a previously optimized smoothing parameter of 7 m . Second, to evaluate the stability of pairwise associations, we measured the lagged association rate. Lagged association rates estimate the rate of reassociation of pairs over time (Whitehead 2008) , thus estimating the stability of pairwise associations. These were generated using SOCPROG 2.7 (Whitehead 2009) . In this way, we can explicitly test for repeatability of sociability across both time and social context.
RESULTS
Within the 4 years sampled for this study, a total of 225 individuals had a minimum of 20 sightings in at least 1 year and were therefore included in analyses. The number of individuals within each year was as follows: year 1 = 96, year 2 = 30, year 3 = 80, year 4 = 144. This resulted in 30 individuals that had repeated measures across 4 years, 45 individuals across 3 years, and 83 across 2 years.
PCA results
The results of the PCA analysis suggested that there were 2 principal components which explained the majority of variation in sociability. The first factor contained 3 of the 4 measurements (all except choosiness), and all 3 of these measurements loaded in the same direction (Table 1) . These results were comparable for both males and females. Correlations between these variables were between 0.41 and 0.64 (Table 2 ). The final factor contained only choosiness, which was also more weakly correlated with all other measures (Tables 1 and 2 ). Correlations and PCA loadings were consistent across years and when using the more commonly used HWI (see Supplementary Tables S4 and S5 ).
Repeatability of individual measures and sex differences
We found significant sex differences in estimates of repeatability of sociability. More specifically, we found that males were significantly repeatable in 3 of the 4 measurements used (degree, centrality, and social tendency) across both null models. In contrast, Principal component with varimax rotation of the 4 sociability measurements for all individuals combined, as well as males and females separately.
females were only found to be significantly repeatable in centrality, and only when assessing significance using null 1 (Figure 1 ). We also observed considerable differences in the repeatability estimates of males and females. Repeatability estimates of male sociability ranged from 0.37 to 0.58, whereas female sociability ranged from 0.12 to 0.18 (see Table 3 ). Neither males nor females were significantly repeatable in choosiness, and this result was consistent across both null models (Figure 2 , Table 3 ). The patterns of significance and nonsignificance were the same when using the more commonly used HWI, except that centrality was no longer significant for females in either null model when using HWI (see Supplementary Table S2) .
Social environment
For both males and females, lagged association rates demonstrated that there were low levels of reassociation in both males and females, although female associations were slightly more stable than males (Figure 2) . Furthermore, we found that while the membership of both males and females social environment showed some stability across years, a considerable proportion of the membership of the social environment was dynamic. For instance, on average (mean for all individuals across all years), 77% (± 16.2% stdev ) of individuals that shared part of a dragon's home range in 1 year no longer overlapped the following year. This was comparable between the sexes with an average of 80% ± 14% stdev for males and 84% ± 12% stdev Observed repeatability (black point) for each sociability measurement for both males (left) and females (right). Red lines show confidence intervals (95%) of expected repeatability's generated from node randomizations (null 1) (a) and spatially constrained digiroo model (null 2) (b). Where the observed repeatability is greater than random expectations, repeatability is considered significant.
for females of individuals that shared part of their home range in 1 year, no longer overlapping the following year.
DISCUSSION
We found sex differences in the repeatability of sociability, whereby male dragons were significantly repeatable across years in 3 of the 4 measurements, while females showed no consistent evidence for repeatability. While sex differences have been found in the repeatability of other behavioral traits (e.g., exploration [Schuett et al. 2010] ), our study provides the first evidence, of which we are aware, for significant sex differences in repeatability of sociability. We also observed that the social environment of both males and females was highly dynamic, confirming that observed repeatability, and the sex differences in repeatability, were not a by-product of stable social associations or social environments. Importantly, the 3 sociability measures which were repeatable for males also loaded into one principal component, suggesting that they may be different measurements of a singular and general sociability trait. Moreover, choosiness, which was not found to be repeatable in either males or females, loaded independently into a second principal component. In social species, the drivers of social behaviors often differ between the sexes (e.g., male social behavior is often driven by competition for mate access, while female behavior is generally associated with access to resources, such as food (e.g., Van Schaik 1996; Sterck et al. 1997) ). Such evolutionary constraints may affect the selection for, and therefore maintenance of, among-individual variation in social behavioral traits. This is because the extent to which consistent variation is selected for may be dependent on differences in selection pressures experienced by each sex (Dingemanse and Wolf 2010; Wolf and Weissing 2010) . In social species, sexual selection could influence the extent of repeatability in sociability (Schuett et al. 2010) , as mating strategies adopted by individuals will necessarily impact their social interactions with conspecifics (e.g., alliance formation in dolphins [Connor et al. 1999] ). Male dragons adopt alternative reproductive strategies, either as territorial or satellite males (Baird et al. 2012) , and these choices, and the social interactions they result in, may dictate the levels of Lagged Association Rate
Figure 2
Lagged association rate estimating the probability that pairs will reassociate after different time intervals. Blue line represents females associations with either sex, and red line represents males associations with either sex. This demonstrates that, for both males and females, pairwise associations show low levels of reassociation over time, although females are slightly more stable than males.
repeatability of sociability. It may be that patterns of repeatability are caused by repeatability in territories, or in the types of territory individuals choose. However, it has previously been reported that males are plastic in their territoriality, and our observations in this study population support this. Nonetheless, further investigation will help to clarify any ecological cause of patterns of repeatability found here. In addition, by identifying males mating strategies in this population, we will be able to investigate how mating strategies influence sociability, and the extent to which they influence consistent among-individual variation.
Contrary to male dragons, we did not find stable evidence for repeatability in female sociability. This might suggest high levels of social plasticity present in females. While female social associations may be driven by a number of factors, they usually involve access to resources or increasing offspring survival (e.g., . Living in social groups involves a cost/benefit trade-off (e.g., conflict vs. access to resources), and this trade-off likely shifts according to environmental changes (e.g., seasonal food availability or access to nesting sites). Therefore, it may be adaptive for females to be socially plastic in response to the dynamics of the social and/or biotic environment. Such behavioral plasticity in response to the social environment has been demonstrated in individuals of many species, including common marmosets, Callithrix jacchus. Here, individuals adapted their exploratory behavior according to changes in the social environment (Koski and Burkart 2015) . It may be, then, that female dragons plastically adapt their social behavior according to the dynamics of their social or biotic environment (e.g., food availability). We are unable at this stage to determine the cause of the lack of repeatability in females; although determining which biotic and social components of the environment may affect this would be an interesting avenue for further study.
We measured sociability in 4 ways, and found that the 3 measurements that were repeatable in males covaried into one factor of a principal component analysis. This suggests that these measurements may represent the same general sociability trait (Carter et al. 2013) . Conversely, our fourth sociability measure, choosiness, loaded alone into a second principal component and we also found no evidence for consistent among-individual variation in (i.e., number of preferences an individual has). There are difficulties in measuring social behaviors, given that these behaviors are intrinsically linked to the behavior of conspecifics. Analytically, there are ways in which this nonindependence can be accounted for (e.g., significance testing with randomizations) (Croft et al. 2011) . It is possible, however, that preferential associations (such as the "choosiness" phenotype) form as a result of an attraction to certain attributes of the other (Moore III et al. 1997; Wolf III et al. 1999; McGlothlin et al. 2010 ). All social interactions are, to some degree, a result of such "interacting phenotypes." However, it may be that preferentially seeking out associations with certain individuals involves seeking certain phenotypes in the other individual, thus generating a more pronounced interacting phenotype.
Our results add to recent interest in, and evidence for, consistent among-individual variation in sociability. However, we extend current work by providing novel results suggesting that social personality may be sex-specific, and may exist despite a dynamic social environment. The presence of sex differences may point towards sexual selection as a mechanism in the maintenance of such variation (Schuett et al. 2010) . However, further exploration into the heritability of the trait and the fitness consequences of such variation is needed to understand the adaptive causes of social personality in this species. Furthermore, exploring the extent of social plasticity in both males and females may further assist our understanding of sociability in dragons.
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